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Abstract 
A novel peninsula-structured diaphragm with specially designed piezoresistors was proposed in our present pressure sensor for 
ultra-low pressure measurement. Finite element method (FEM) was adopted for analyzing the sensor performance. In comparison 
to typical sensors with flat and center-bossed diaphragms, the optimized sensor design could achieve excellent sensitivity and 
linearity. In accordance with the FEM results, the fabricated pressure sensor showed a sensitivity of 18.4mV/V full-scale output 
and a nonlinearity error of 0.36%FSS in the pressure range 0-5kPa. The proposed sensor structure is potentially a better choice for 
measuring low pressures. 
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1. Introduction 
Recently, there is a rapid growth in demand for the ultra-low pressure measurement in fields like smart homes [1] 
and aerodynamics [2,3]. However, the trade-off between sensitivity and linearity has been the major problem that 
limiting the application of piezoresistive pressure sensors for high sensitivity and accuracy applications. Therefore 
diaphragms capable of linear deflection and high sensitivity must be developed for these applications. 
Many efforts have been made to address the nonlinearity and sensitivity problem for the diaphragm type pressure 
sensors for low pressure measurement. The stiffness of the diaphragm should be increased in order to avoid large 
deflection of the diaphragm, which is the major cause for the nonlinearity errors. One commonly used method to 
stiffen the diaphragm is to add center bosses on the backside of the flat diaphragm. However, large reduction of 
pressure sensitivity and large increment of acceleration sensitivity often accompanied the sensor with center-bossed 
diaphragms. A second method is to use partially structured diaphragm with beams and island, which is formed by 
topside ASE (advanced silicon etching) process. This process allows the freedom to customize the pattern and 
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thickness of the structure to reduce nonlinear deflection and increase stress concentration of the diaphragm and 
therefore this method was applied in our sensor design. 
 
Fig. 1. Proposed sensor structure. 
2. Sensor design 
A micro-pressure sensor featuring a peninsula-structured diaphragm was proposed as shown in Fig.1. The peninsula 
structures formed by the ASE technology were located near the diaphragm edge with narrow beams connecting to the 
Si pedestal. Four piezoresistors on the narrow beams connected with each other to form the Wheatstone bridge. The 
side length of the diaphragm was 1900 ȝm. The thickness of the diaphragm was 10 ȝm while the extra thickness of 
the peninsular structure was designed to be 9 ȝm. The device dimensions are 3600 × 3600 × 400 ȝm³. 
 
Through the application of the peninsula structure, on the one hand, the effect of local stiffening of the diaphragm 
was realized which could reduce the axial stress induced by large deflection effect and thereby decrease the mechanical 
nonlinearity error; on the other hand, the linear bending stress would be concentrated at the narrow beam of the 
peninsula which ensured a high sensitivity of the sensor. The peninsula stiffened the diaphragm and concentrated 
stress in regions with piezoresistors during pressure loading, which makes it possible to achieve high sensitivity and 
good linearity simultaneously. 
For optimization of the sensor performance, stress distributions of the peninsula-structured diaphragm under 5kPa 
uniform pressure loading were studied by FEM. Figure 2 shows the stress difference between longitudinal and 
transvers direction (Sx-Sy) along the path from the central point to diaphragm edge for peninsula structured and 10 
ȝm thick flat diaphragm. Figure 3 shows the stress distributions around the narrow beam of the peninsula structure. 
The curves represent the stress distributions of the peninsula structured and flat diaphragms along the path that 
parallels to the diaphragm edge with a distance of 25 ȝm. It is noted that the corner regions around the diaphragm 
edge and the beam edge exhibited the maximum stress, which was 25% larger than that of the flat diaphragm with the 
same thickness.  
 
Fig. 2. The stress difference between longitudinal and 
transvers direction (Sx-Sy) along the path from the central 
point to diaphragm edge for peninsula structured and 10 
ȝm thick flat diaphragm. 
Fig. 3. Stress distributions around the narrow beam of the 
peninsula structure. The curves represent the stress distributions 
of the peninsula structured and flat diaphragms along the path that 
parallels to the diaphragm edge with a distance of 25 ȝm. 
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Table 1. Configuration for the piezoresistors.                                                                            Table 3. Technical data of the device 2 at 21 °C 
 
 
Table 2. Comparisons with other typical sensors. 
 
 
 
Based on detailed study of the stress distribution characteristics, a special piezoresistor design (design IV in Fig.4) 
was evaluated and adopted for sensor performance optimization. It was observed that both sensitivity and nonlinearity 
errors differed as the positioning of resistors changed (see Fig.5). In comparison to the other three piezoresistor designs 
in Fig.4, the proposed piezoresistor design IV could achieve a maximum sensitivity of 22.4mV/kPa with a good 
terminal based nonlinearity of 0.48 %FSS. In addition, comparisons of our proposed sensor structure with other typical 
structures in terms of sensitivity and nonlinearity are summarized in table 2. These simulation results indicated that 
our present sensor structure with the peninsula-structured diaphragm could achieve the highest sensitivity and the best 
nonlinearity performance as compared to the alternatives. 
Piezoresistor (PZR) 
Resistance ( ) Length (ȝm) Width (ȝm) Space (ȝm) Distance d (ȝm) 
3.9  200 12 12 5 
Diaphragm types Peninsula-structured  Center- bossed Flat diaphragm 
Sensitivity (mV/kPa) 22.4 18.4 20.1 
NL (|%FFS|) 0.48 0.48 1.19 
Fig. 4. Schematic illustration of four candidate designs for the piezoresistors
Fig. 5. Simulated sensor output (a) and terminal based nonlinearity error (b) versus pressure loading 
of each candidate design shown in Fig. 4. 
Full range pressure (kPa) 5 
Full range output (mV) 92.1 
Resistance ( ) 3.9 
Supply voltage (V) 5 
Zero output (mV) 2.2 
Sensitivity (mV/kPa) 18.4 
Nonlinearity error (%FFS) 0.36 
Die size (mm) 3.6*3.6*0.4 
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3. Measurements and discussions 
 
The SEM image, package and measurement of the pressure sensor are shown in Fig. 6. Two sensor devices from 
different regions of the same wafer were packaged and measured in the pressure range of 0-5kPa. The voltage outputs 
versus pressure loading are plotted in Fig.7. Technical data of the device was summarized in table 3. In accordance 
with the FEM results, the fabricated pressure sensor showed that the sensitivity of 18.4mV/V full-scale output and 
nonlinearity of 0.36%FSS were achieved for the full pressure range of 0-5kPa with no indication of pressure hysteresis. 
4. Summary and conclusion 
A highly sensitive, linear and stable pressure sensor featuring the novel peninsula-structured diaphragm was 
proposed. Based on detailed study of the stress distribution characteristics for the diaphragm, a special piezoresistor 
design was evaluated and adopted for sensor performance optimization. Utilizing the mature technologies of KOH 
and ASE etching, the proposed sensor structure was manufactured based on the cost-effective silicon wafer, which 
was particularly important for low-cost mass production. It is concluded that the proposed sensor is potentially a better 
choice for measuring low pressures in fields like smart homes and aerodynamics. 
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Fig. 6. (a) SEM images of the pressure sensor and the 
piezoresistors (b) Package and measurement of the 
pressure sensor 
Fig. 7. Measured sensor outputs of two sensor devices from different 
parts of the same wafer. 
